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@ Absorbable structures for ligament and tendon repair. 

(57) A fully absorbable prosthesis (1) for the repair 
of damaged ligaments and/or tendons in the 
form of a multilayer spiral roll comprising the 
following spiral layers : a foraminous layer (2) of 
a synthetic bioabsorbable material ; a bioab- 
sorbable film (3) ; and a layer (4) of a bioabsorb- 
able biopolymer sponge. The invention also 
provides a method of making such a prosthesis, 
comprising the steps of: providing a laminate 
of a foraminous layer of bioabsorbable material 
and. a bioabsorbable film ; coating the laminate 
with a layer of an aqueous gel comprising a 
bioabsorbable polymer; rolling up the laminate 
and the gel layer into a spiral roll, followed by 
drying the gel to fonri a layer of bioabsorbable 
sponge. The foraminous layer (2) preferably 
comprises a synthetic bioabsorbable polymer 
having high tensile strength. The bioabsorbable 
film (3) and sponge layer (4) preferably com- 
prise a chemotactic biopolymer such as colla- 
gen. 




FIG. 1 
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The present invention relates to absorbable 
structures for use as tennporary prostheses in the re- 
pair of damaged ligaments and/or tendons. 

Damage to ligaments and/or tendons is a fre- 
quent occurrence, particularly as a consequence of 5 
violent exercise or contact sports. An especially com- 
mon and difficult to treat sports injury is tearing of the 
anterior cruciate ligament (ACL) of the knee. 

Various approaches have been tried to restore 
the function of torn tendons or ligaments. The sim- io 
plest approach is simply to suture together the torn 
ends of the ligament or tendon. However, the healing 
rate of ligaments or tendons sutured in this way is ex- 
tremely slow, and even after healing is complete the 
strength of the ligament or tendon Is substantially re- is 
duced. Moreover, the scar tissue tends to propagate 
Into surrounding tissues causing discomfort and loss 
of mobility. 

In another approach, the ligament or tendon is re- 
placed by a permanent prosthesis of biocompatible 20 
but non-resorbable material, such as Dacron®, PTFE 
or polypropylene. A favoured permanent prosthesis 
consists of bundles of carbon fibers, optionally coat- 
ed with a biocompatible polymer. However, none of 
the permanent prostheses has proved to be suffi- 25 
ciently durable to replace a ligament or tendon for the 
life of a user In particular, it has been found that the 
carbon-fiber based prostheses tend to crack after 12- 
18 months of use, thereby releasing carbon particles 
that can cause severe inflammatory reactions and 30 
even arthritis. 

A further approach to the repair of damaged ten- 
dons or ligaments has been to implant a temporary, 
biodegradable prosthesis that can stabilize the ten- 
don or ligament and provide a framework for healing 35 
of the tendon or ligament while gradually being absor- 
bed into the body. Accordingly, the requirements for 
such a temporary prosthesis include: high tensile 
strength to restore tendon or ligament function, slow 
but complete bioabsorption in situ, low antigenicity, 40 
and a directional (uniaxial) structure that promotes 
formation of strong, well-oriented scar tissue by direc- 
tional ingrowth of fibroblasts from the undamaged 
ends of the ligament or tendon. 

WO85/0051 1 describes a collagen-based materi- 45 
al for regeneration of ligaments and/or tendons. The 
material is formed from strands of collagen that have 
been cross-linked with glutaraldehyde to increase 
their tensile strength. The collagen strands are pro- 
vided in the form of a suitable weave with sufficient so 
space between the strands to function as a "scaffold" 
through which ligament fibroblasts can propagate. A 
sheet of the collagen weave may be rolled up t form 
a cylinder of spiral cross-section which is positioned 
between ends of e.g. a torn anterior cruciate liga- 55 
ment, the ends of the cylinder being sutured to the un- 
damaged ends of the ligament. The joint is immobil- 
ized, and healing of the ligament is said to be complet- 



ed in as little as three weeks. 

Similarly, US-A-51 71273 describes absorbable 
ligament or tendon prostheses formed from high- 
strength collagen fibers. The high-strength collagen 
fibers are formed by the steps of: dissolving type I col- 
lagen in dilute HCI, extruding the solution into a spe- 
cial buffer bath to reconstitute the collagen fibers, 
and cross-linking the reconstituted fibers using glu- 
taraldehyde or a combination of severe dehydration 
and treatment with cyanamide. The fibers are woven, 
twisted or braided together to form the absorbable 
ligament and/or tendon prostheses. 

A drawback of tendon and/or ligament prostheses 
that are formed solely from collagen is that the col- 
lagen loses its tensile strength rapidly in vivo, even 
when cross-linked as described above. This charac- 
teristic of collagen is incompatible with the relatively 
long healing times required for repair of ligaments or 
tendons. 

WO88/06872 describes an implantable prosthe- 
sis for the repair of tendons or ligaments, character- 
ized by a structure of a bioabsorbable material other 
than proteins or polypeptides or derivatives thereof. 
The structure exhibits longitudinal grooves or chan- 
nels intended to serve as initial propagation guides 
for new fibrous tissue. For example, the prosthesis 
may consist of a plurality of concentric tubes of a syn- 
thetic bioabsorbable polymer, such as a copolymer of 
lactic and glycol ic acids, polyhydroxy butyric acid or 
the like. The interstices between the tubes provide 
the longitudinal channels for tissue ingrowth. 

EP-A-0241252 describes an absorbable liga- 
ment or tendon prosthesis formed from melt-spun fi- 
laments of a special end-capped lactide polymer hav- 
ing exceptionally high tensile strength. The filaments 
are plied, twisted or braided to form the ligament or 
tendon prosthesis. The twist or braid provides a rela- 
tively open structure which is geometrically capable 
of allowing natural tissue to be deposited along the fi- 
laments and develop natural tendon or ligamentous 
tissue. 

A drawback of the above absorbable prostheses 
based solely on synthetic, non-collagenous polymers 
is that the prostheses cannot exhibit the beneficial 
wound-healing properties of biopolymers such as col- 
lagen. It is well known that wound-healing cells such 
as fibroblasts have a special affinity for collagen and 
certain other biopolymers. This property is termed the 
chemotactic effect of collagen. 

A further drawback of all previous absorbable 
tendon and/or ligament prostheses is that the porosity 
of the prostheses to cellular invasion by fibroblasts is 
not optimised. It has been determined that a pore or 
channel size in the range 50-250 i^m is preferred for 
promoting cellular Invasion, but hitherto the implant 
materials have not provided a controlled porosity in 
this range. 

Accordingly, it is an object of the present inven- 



3 



EP 0 645 149 A1 



4 



lion to provide fully bioabsorbable ligament and/or 
tendon prostheses that connbine high tensile 
strength, chemotactic properties and optimised por- 
osity for directional cellular invasion and healing. 

The present invention provides a bioabsorbable s 
ligament or tendon prosthesis in the form of a multi- 
layered spiral roll comprising the following spiral lay- 
ers: a foraminous layer of a synthetic bioabsorbable 
material; a bioabsorbable film, and a layer of a bioab- 
sorbable sponge. ro 

The prostheses according to the present inven- 
tion are in the form of a rnultilayered spiral roll, also 
known as a "Swiss roll" structure. That is to say, the 
prostheses are formed by rolling up a plurality of over- 
lapping layers into a cylindrical roll. Each of the layers is 
is thereby rolled into a spiral roll that Is coaxial with 
and radially alternating with the other layers. 

The spiral roll preferably has a diameter in the 
range of from 1.2 to 21 mm, more preferably 3.0 to 
10.0 mm. The length of the spiral roll is preferably 5 20 
to 80 mm. The spiral roll preferably contains from 2 to 
6 complete 360** turns of the spiral. 

The chief function of the foraminous layer of a 
synthetic bioabsorbable material is to provide tensile 
strength to the prosthesis. The foraminous nature of 25 
this layer enhances the flexibility of the prosthesis 
and allows easy suturing of the prosthesis. Preferably 
the foraminous layer is a woven, non-woven or knitted 
mesh. 

Preferably, the foraminous layer comprises a 30 
polymer or copolymer of lactic acid or glycolic acid, 
oxidized regenerated cellulose, polydioxanone 
(PDS). a copolymer of lactic acid and e-caprolactam. 
polyhydroxybutyric acid or a copolymer of hydroxybu- 
tyric acid and hydroxyvaleric acid. More preferably, 35 
the foraminous layer comprises one of the copoly- 
mers of lactic acid and glycolic acid sold under the 
Registered Trade Mark VICRYL, or the oxidized re- 
generated cellulose sold under the Registered Trade 
Mark SURGICEL Most preferably, the foraminous 40 
layer comprises the melt-spun polylactide or polylac- 
tide/polyglycolide copolymer described in EP-A- 
0241252. 

The foraminous layer does not need to be bonded 
to either the continuous film or to the sponge layers. 45 
However, preferably, the foraminous layer is bonded 
to one or both of the film or the sponge layer, and 
more preferably the foraminous layer is actually em- 
bedded in one or other of the film or the sponge layer, 
as described further below. 50 

The maximum thickness of the foraminous layer 
is preferably in the range 0.02 to 0.3 mm, more pre- 
ferably 0.04 to 0.1 mm. 

The bioabsorbable film is a continuous or sub- 
stantially continuous layer of bioabsorbable material 55 
that serves to block cellular migration in radial direc- 
tions inside the prosthesis. That is to say, the barrier 
layer of bioabsorbable film serves to guide cellular 



migration axially along the prosthesis, resulting in the 
formation of well oriented and strong replacement tis- 
sue. The bioabsorbable film is preferably formed by 
drying an aqueous solution or suspension comprising 
a biopolymer such as collagen, a glycosaminoglycan 
such as hyaluronic acid, or the like. Preferably, the 
bioabsorbable film contains a bioabsorbable plasti- 
ciser. Preferably the plasticiser is a polyhydric alcohol 
such as glycerol, and preferably it is present in an 
amount of 5% to 50% w/w. 

The biopolymer is preferably cross-linked to re- 
duce the rate at which it is bioabsorbed. Preferred 
cross-linking agents include aldehydes such as glu- 
taraldehyde, isocyanates and carbodiimides. The bio- 
polymer film preferably also contains oil microdrop- 
lets dispersed therein in order further to reduce the 
rate of bioabsorption. The oil microdroplets may com- 
prise any biocompatible and bioabsorbable oil. such 
as sunflower seed oil, sesame seed oil or fish oil. Pre- 
ferably, the oil is present in an amount of 1 to 90% by 
weight, more preferably 1 0 to 75% by weight based on 
the weight of the biopolymer film. 

Preferably, the foraminous layer is actually coat- 
ed with the bioabsorbable film or embedded therein, 
so that the interstices in the foraminous layer are sub- 
stantially all filled by the material of the bioabsorbable 
film. Particularly preferred composite materials com- 
prising a reinforcing mesh embedded in a collagen 
film are described and claimed in EP-A-0194192. 

The thickness of the bioabsorbable film (except 
when it forms a composite with the foraminous layer) 
is preferably in the range 0.01-0.1 mm, and more pre- 
ferably 0.015-0.03 mm. 

The layer of a bioabsorbable biopolymer sponge 
serves as a spacer between the coils of the reinforc- 
ing layer and the bioabsorbable film, defining a uni- 
form and directional interstitial channel for cellular in- 
vasion. The porosity of the sponge and the chemotac- 
tic effect of the biopolymer combine to promote rapid 
invasion by fibroblasts, resulting in rapid tissue re- 
generation. Preferably, the sponge comprises col- 
lagen, a glycosaminoglycan such as chondroitin sul- 
fate or hyaluronic acid or a mixture of such biopoly- 
mers. Preferably, the porosity of the sponge is opti- 
mised for maximum cellular ingrowth, implying that at 
least 80% of the pores have an average pore diameter 
in the range 50 ^m - 250 ^m. Such relatively small 
pore sizes can be obtained, for example, by flash 
freezing of a collagen solution or suspension (result- 
ing in very small ice crystals) followed by freeze dry- 
ing, as described in WO90/00060. Alternatively or ad- 
ditionally, small pore sizes may be obtained by includ- 
ing a volatile anti-freeze such as ethanol or isopropa- 
nol in the gel, preferably in an amount of 5 - 25% w/v. 
The presence of the anti-freeze results in the forma- 
tion of smaller ice crystals on freezing, and hence 
smaller pores on freeze-drying. 

Preferably, the sponge comprises chemothera- 
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peutic agents in addition to the structural biopolymer. 
For example, the sponge may contain an antiseptic or 
an antibiotic. Preferably, the sponge contains a 
wound healing factor such as a growth factor, a cyto- 
kine, an alginate, a glycosaminoglycan or an active 
derivative thereof. The bioabsorbable film may alter- 
natively or additionally contain the same or a different 
therapeutic agent or agents. 

Preferably, the structural biopolymer of the 
sponge is cross-linked to reduce the rate of bio-ab- 
sorption of the sponge. Preferably, the structural bio- 
polymer is collagen and the cross-linking agent is one 
of those described above for the bioabsorbable film. 
Also preferably, the biopolymer sponge contains pre- 
ferably 1 to 90% by weight, more preferably 1 0 to 75% 
by weight based on the weight of the sponge, of oil mi- 
crodroplets dispersed therein. The oil may be any bio- 
compatible and biodegradable oil such as sunflower 
seed oil, sesame seed oil or fish oil. The presence of 
the oil microdroplets substantially reduces the rate of 
bioabsorption of the sponge. Furthermore, the oil mi- 
crodroplets can be used as vehicles for hydrophobic, 
oleophilic therapeutic agents. 

Preferably, the thickness of the sponge layer is in 
the range 0.5 to 2.5 mm. more preferably 1.0 to 1.5 
mm. 

Preferably, the sponge layer has embedded 
therein one or more solid bioabsorbable rods extend- 
ing longitudinally through part or all of the prosthesis. 
The rods may be sections of bioabsorbable stuture, 
preferably collagen suture. The rods enhance the uni- 
axial directionality of the sponge layer and reduce the 
rate at which the layer is absorbed in vivo. 

The present invention also provides the use of a 
bioabsorbable prosthesis as described above for the 
preparation of a surgical implant for the repair of a 
damaged tendon or ligament. 

The present invention further provides a method 
of making a bioabsorbable prosthesis for use in sur- 
gical repair of a damaged ligament or tendon, the 
method comprising the steps of: providing a laminate 
of a foraminous layer of bioabsorbable material and a 
bioabsorbable film; coating the laminate with a layer 
of an aqueous gel comprising a bioabsorbable poly- 
mer; rolling up the laminate and the gel layer into a 
spiral roll, followed by drying the gel to form a layer 
of bioabsorbable sponge. 

Preferably, the gel is dried to form the bioabsorb- 
able sponge by freezing (preferably flash freezing), 
followed by freeze-drying by evaporation of water 
from the gel under reduced pressure. In alternative 
preferred methods, the get is frozen or flash-frozen 
and the frozen gel is then solvent dried by treatment 
with a hygroscopic solvent such as isopropyl alcohol. 

The laminate comprises overlapping layers of the 
foraminous layer of bioabsorbable materiaf-and the 
bioabsorbable film. Preferably, the laminate compris- 
es a high tensile strength foraminous mesh embed- 



ded in a film of a biopolymer such as collagen, as de- 
scribed in EP-A-0194192. 

The compositions of the foraminous layer and the 
bioabsorbable film may be the same or different, and 
5 are preferably as defined above for preferred embodi- 
ments of the tendon or ligament prostheses of the 
present invention. 

Preferably, the aqueous gel comprises acid- 
swollen collagen fibers, preferably at a concentration 

10 ' of 0.1%-5% w/v. In preferred methods, fibrous col- 
lagen is extracted from bovine corium or tendon and 
pre-washed to remove the majority of non-collage- 
nous components as described in US-A-4614794 or 
US-A-4320201. The collagen is then suspended in 

15 clean deionised pyrogen-free water and homogen- 
ised to a fine fibrous suspension by passage through 
a homogenising system. Suitable homogenising sys- 
tems are described in US-A-4320201. 

Homogenization is continued until a desired de- 

20 gree of fiber division is achieved. This results in a pre- 
ferred fiber size in the range 0.01 to 10mm. 

The homogenized collagen is acidified to cause 
it to swell and form a gel suitable for freeze drying. 
The acidifying step may use an organic acid such as 

25 formic, acetic, propionic, lactic or malonic, or dilute in- 
organic acids such as hydrochloric acid. Preferably 
the homogenized collagen suspension is acidified to 
pH 2 to 6. more preferably pH 3.0 to 4.5. 

Chemolherapeutic agents, preferably as descri- 

30 bed above, may be dispersed in the aqueous gel of 
the bioabsorbable polymer, preferably in an amount of 
0.1% to 50% w/w, based on the dry weight of the 
sponge. Also preferably, microdroplets of a bioab- 
sorbable oil may be dispersed in the aqueous gel by 

35 emulsif ication at high shear (collagen is an effective 
emulsif ier). Preferably, the oil microdroplets are pres- 
ent in an amount of from 1% to 90% by weight, more 
preferably 10% to 75%, based on the dry weight of the 
sponge. 

40 Preferably, the aqueous gel is dried by flash 

freezing at temperatures below -20*C. followed by 
freeze drying, preferably as described in 
WO90/00060. The flash freezing results in smaller 
ice crystals, and thus provides smaller pores in the 

45 freeze-dried sponge. The pore size of the freeze- 
dried sponge may also be reduced by adding volatile 
anti-freeze substances such as ethanol or isopropa- 
nol to the aqueous gel before it is frozen, since these 
also will tend to reduce the size of the ice crystals 

50 formed on freezing. Preferably, the anti-freeze sub- 
stance is added in an amount of 5% - 25% w/v, based 
on the volume of the gel. 

Preferably, the freeze-drying step is carried out 
either by evaporating the water (and other volatile 

55 components) from the frozen gel under reduced pres- 
sure, or by solvent drying, which involves treating the 
frozen gel with a hygroscopic solvent, such as isopro- 
pyl alcohol, to extract the water from the frozen gel. 
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Surprisingly, it has been found that the presence of 
volatile antifreeze agents such as ethanol or isopro- 
pyl alcohol in the frozen gel results in accelerated sol- 
vent drying. 

Prefera biy, the laminate with the layer of aqueous 
gel thereon is rolled up through 2 to 6 complete 360** 
revolutions prior to drying. The aqueous gel may be 
prechilled to 0-5^*0 prior to the rolling-up step in order 
to increase the rigidity of the gel and reduce the gel 
lost by squeezing out of the ends of the roll. Prefer- 
ably, the rolllng-up step is initiated by rolling up about 
a small diameter bobbin, e.g. a hypodermic needle, 
which is removed after the rolling up is complete. A 
small excess of the aqueous gel (up to 50% excess) 
may be used to compensate for gel lost in the rolling- 
up step. 

In other preferred methods according to the in- 
vention, one or more bioabsorbable rods is taid atop 
the laminate and extending substantially parallel to 
the axis about which the laminate is to be rolled up. 
The bioabsorbable rods are preferably sections of 
bioabsorbable suture, and preferably comprise col- 
lagen. The rods help to ensure a uniform thickness for 
the sponge layer in the dried prosthesis. 

In yet other preferred embodiments, the method 
according to the present invention may further com- 
prise the step of incubating the dried prosthesis in vi- 
tro with host cells such as host synovial cells or host 
fibroblast cells prior to implantation. The cells may 
even be injected into the body of the prosthesis. After 
a suitable time to achieve required cellular growth and 
proliferation in the prosthesis, the structure can be 
implanted in the body. 

A specific embodiment of the tendon or ligament 
prosthesis of the invention will now be described fur- 
ther, by way of example with reference to the accom- 
panying drawings, in which: 

Figure 1 shows a transverse cross-section 

through a bioabsorbable prosthesis according to 

the present invention; 

figure 2 shows stages in the method of making 
the bioabsorbable prosthesis of Figure 1; and 
Figure 3 shows the bioabsorbable prosthesis of 
Figure 1 in use to repair a severed ligament. 
Referring to Figure 1. the prosthesis 1 comprises 
a multilayered spiral roll consisting of a foraminous 
layer 2 of a synthetic bioabsorbable material, a bioab- 
sorbable film 2 and a layer 3 of bioabsorbable 
sponge. The foraminous layer 2 is composed of a 
polylactide/polyglycolide mesh sold under the Regis- 
tered Trade Mark VICRYL. The bioabsorbable film 3 
Is composed of Type I collagen fibers cross-linked 
with hexamethylene diisocyanate. The sponge layer 
4 is also formed from Type I collagen fibers cross- 
linked with hexamethylene diisocyanate. 

In use, the prosthesis 1 is used to replace part or 
all of a damaged ligament or tendon, as shown in Fig- 
ure 3. The ends 5, 6 of the prosthesis are sutured to 



the undamaged ends 7, 8 of the ligament or tendon. 
Alternatively, one of the ends 5, 6 of the prosthesis 
may be attached directly onto a bone or into a socket 
provided in a bone. 

5 Figure 3 also shows schematically, by means of 

arrows, the direction of cellular migration and tissue 
ingrowth into the prosthesis 1 from the undamaged 
ends 7. 8 of the ligament or tendon. The cells, espe- 
cially fibroblasts, migrate rapidly into the collagen 

10 sponge on account of its porosity and the chemotac- 
tic effect of collagen. However, the cell migration is 
highly directional, since the collagen sponge spiral 
layer 4 defines a longitudinal channel for cellular mi- 
gration. Radial cellular migration is blocked by the 

15 bioabsorbable film layer 3. The VICRYL mesh layer 2 
provides the necessary tensile strength to the pros- 
thesis while retaining sutureability. 

Specific embodiments of method of manufacture 
of prosthesis according to the present invention will 

20 now be described further, by way of the following ex- 
amples: 

Example 1 

25 A prosthesis for a ligament or tendon according to 

the present invention comprising separate layers of 
foraminous synthetic bioabsorbable polymer, bioab- 
sorbable film, and bioabsorbable sponge is prepared 
as follows: 

30 

A. Preparation of collagen slurry 

Fibrous collagen, obtained from bovine corium 
and pre-washed to remove the majority of non-col- 

35 lagenous components as described in US-A- 
4614794 or US-A-4320201 is suspended in clean 
deionised pyrogen-free water at 0.45% w/v concen- 
tration and homogenised to a fine fibrous suspension 
by passage through a homogenizing system similar 

40 to that described in US-A-4320201. Homogenisation 
is continued until the collagen fiber size is in the 
range 0.1-1. 0mm. The suspension is acidified to pH 
4.5 with acetic acid to swell the collagen. 

45 B. Preparation of collagen film layer 

To the collagen gel prepared in Step A above gly- 
cerol is added as a plasticiser to a final weight of 0.5% 
w/w and the gel is then spread in a flat tray having a 
50 non-stick surface (e.g. PTFE) to a depth of about 
2mm. The gel is then dried in warm air to leave a con- 
tinuous, flexible film of collagen about 0.02mm thick. 

C. Preparation of Laminate 

55 

A piece of VICRYL® polylactide/polyglycolide 
mesh of rectangular shape and dimensions approxi- 
mately 20mm x 40mm x 0.1mm is placed in a flat- 
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bottomed tray. A piece of the collagen film prepared 
In Step B of Identical size and shape is placed atop the 
VICRYL mesh. 

D. Preparation of the prosthesis 5 

A layer of the collagen gel prepared as in Step A 
but containing 0.5% w/v collagen solids and 10% w/v 
isopropanol, and with a final pH of 4.5 Is spread ap- 
proximately 1-2mm deep across the top surface of io 
the laminate prepared in Step C. The gel is quickly de- 
gassed and the laminate with the gel layer thereon is 
quickly but gently rolled up around one long edge of 
the rectangular piece. The resulting helical coil is 
flash frozen as described in WO90/00060 followed by is 
freeze drying to produce the prosthesis. In the result- 
ing collagen sponge layer, at least 80% of the pores 
have average pore sizes in the range 35 to 250^m. 
which is near-optimum for cellular Invasion. 

20 

Example 2 



vivo than the prosthesis produced in Example 2. 

The above specific embodiment and examples 
are intended for the purpose of illustration only. Many 
other embodiments and methods according to the 
present invention as defined in the accompanying 
claims will be apparent to the skilled reader. 

Claims 

1. A bioabsorbable ligament or tendon prosthesis in 
the form of a multilayered spiral roll comprising 
the following spiral layers: 

a foraminous layer of a synthetic bioab- 
sorbable material; 

a bioabsorbable film, and 

a layer of a bioabsorbable sponge. 

2. A bioabsorbable prosthesis according to claim 1, 
wherein the diameter of the multilayered spiral 
roll is from 1.2 to 21 mm. 



A prosthesis for the repair of a ligament or tendon 
according to the present invention, in which the fora- 
minous synthetic bioabsorbable layer is embedded in 25 
the bioabsorbable film is prepared as follows: 

First, a collagen slurry is prepared as in Step A of 
Example l. and a glycerol plasticlser Is added to the 
slurry as In Step B. A layer of VICRYL mesh is placed 
in the bottom of a flat tray having a non-stick (e.g. 30 
PTFE) surface, and the slurry is then poured over the 
VICRYL mesh to a depth of about 2mm, thereby im- 
mersing the VICRYL mesh in the collagen slurry. The 
slurry is then dried in warm air to produce a composite 
layer of material comprising the VICRYL mesh env 35 
bedded in a collagen film. The preparation of such 
composite layers is described in detail in EP-A- 
0194192. 

A rectangular piece of the composite material of 
dimensions 20mm x 40mm is then used as the lam- 40 
inate in Step D above to produce the desired prosthe- 
sis. 

Example 3 

45 

A bioabsorbable prosthesis for the repair of a I iga- 
ment or tendon having oil microdroplets dispersed in 
the bioabsorbable film and in ■ bioabsorbable 
sponge is prepared as follows: 

A collagen slurry is preparec n step A of Ex- so 
ample 1. To this slurry is added sesame seed oil at 
50% (as % of the collagen content w/w), and the mix- 
tur is homogenized at high shear to emulsify the se- 
same seed oil. The collagen serves as an effective 
emulsifier. The remaining steps of the method are ss 
carried out as described above for Example 2. 

The resulting prosthesis undergoes substantially 
slower bioabsorption and loss of tensile strength in 



3. A bioabsorbable prosthesis according to claim 1 
or 2, wherein the foraminous layer comprises a 
polymer or copolymer of lactic acid and/or glycol- 
ic acid, oxidised regenerated cellulose, polydiox- 
anone (PDS), a copolymer of lactic acid and e- 
caprolactam, polyhydroxybutyric acid or a copo- 
lymer of hydroxybutyric acid and hydroxyvaleric 
acid. 

4. A bioabsorbable prosthesis according to claim 1 , 
2 or 3, wherein the foraminous layer is embedded 
in the bioabsorbable film or in the sponge layer. 

5. A bioabsorbable prosthesis according to any pre- 
ceding claim wherein the maximum thickness of 
the foraminous layer is in the range 0.02 to 0.3 
mm. 

6. A bioabsorbable prosthesis according to any pre- 
ceding claim, wherein the bioabsorbable film 
comprises a biopolymer or a chemically cross- 
linked biopolymer derivative. 

7. A bioabsorbable prosthesis according to claim 6, 
wherein the biopolymer comprises collagen or a 
glycosaminoglycan. 

8. A bioabsorbable prosthesis according to any pre- 
ceding claim, wherein oil microdroplets are dis- 
persed in the bioabsorbable film. 

9. A bioabsorbable prosthesis according to claim 8, 
wherein the oil is present in an amount of from 1% 
to 90% by weight, based on the weight of the bio- 
absorbable film. 
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10. Abioabsorbable prosthesis according to any pre- 
ceding claim, wherein the thickness of the bioab- 
sorbable film is in the range 0.01 to 0.1 mm. 

11. A bioabsorbable prosthesis according to any pre- 5 
ceding claim, wherein the bioabsorbable sponge 
comprises a biopolymer or a chemically cross- 
linked biopolymer derivative. 

12. A bioabsorbable prosthesis according to claim io 
11, wherein the bioabsorbable sponge comprises 
collagen or a glycosaminoglycan. 

13. Abioabsorbable prosthesis according to any pre- 
ceding claim, further comprising microdroplets of is 
a bioabsorbable oil dispersed In the bioabsorb- 
able sponge. 

14. A bioabsorbable prosthesis according to claim 

13, wherein the bioabsorbable oil which is pres- 20 
ent in the amount of from 1% to 90% by weight, 
based on the weight of the bioabsorbable 
sponge. 

1 5. A bioabsorbable prosthesis according to any pre- 25 
ceding claim, wherein the thickness of the bioab- 
sorbable sponge layer is In the range 0.5 to 2.5 

mm. 

16. Abioabsorbable prosthesis substantially as hei-e- 30 
inbefore described with reference to the Figure 1 . 

17. Use of a bioabsorbable prosthesis according to 
any preceding claim for the preparation of a sur- 
gical implant for the repair of a damaged tendon 35 
or ligament. 

18. A method of making a bioabsorbable prosthesis 
for use in surgical repair of a damaged ligament 

or tendon, the method comprising the steps of: 40 

providing a laminate of a foraminous layer 
of bioabsorbable material and a bioabsorbable 
film; coating the laminate with a layer of an aqu- 
eous gel comprising a bioabsorbable polymer; 
rolling up the laminate and the gel layer into a spi- 45 
ral roll, followed by drying the gel to form a layer 
of bioabsorbable sponge. 

19. A method of making a bioabsorbable prosthesis 
according to claim 18, wherein the said step of so 
rolling up comprises rolling up through between 

2 and 6 complete 360** revolutions. 

20. A method of making a bioabsorbable prosthesis 
according to claim 18 or 19, wherein the step of ss 
providing a bioabsorbable film comprises the 
steps of: 

providing a layer of an aqueous solution or 



suspension of bioabsorbable material, and 
drying the said layer. 

21. A method of making a bioabsorbable prosthesis 
according to claim 20, wherein the said layer of 
an aqueous solution or suspension of the bioab- 
sorbable material is coated onto the foraminous 
layer of a synthetic bioabsorbable material, or 
wherein the layer of a synthetic bioabsorbable 
material is immersed in the layer of an aqueous 
solution or suspension of bioabsorbable material. 

22. A method of making a bioabsorbable prosthesis 
according to claim 20 or 21, further comprising 
the steps of emulsifying a bioabsorbable oil In 
said aqueous solution or suspension of bioab- 
sorbable material. 

23. A method of making a bioabsorbable prosthesis 
according to any of claims 18 to 22, wherein the 
aqueous gel comprises acid-swollen collagen. 

24. A method of making a bioabsorbable prosthesis 
according to any of claims 18 to 23, further com- 
prising the step of emulsifying a bioabsorbable oil 
in the aqueous gel. 

25. A method of making a bioabsorbable prosthesis 
according to any of claims 18 to 24, wherein the 
step of drying the gel to form a bioabsorbable 
sponge comprises the steps of freezing the gel, 
followed by freeze-drying the gel by evaporation 
of water under reduced pressure. 

26. A method of making a bioabsorbable prosthesis 
according to any of claims 18 to 25, wherein the 
step of drying the gel to form a bioabsorbable 
sponge comprises the steps of freezing the gel, 
followed by solvent drying the frozen gel. 

27. A method of making a bioabsorbable prosthesis 
substantially as hereinbefore described with ref- 
erence to the Examples. 
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